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I use the formalism of skewed parton distributions (SPD) to describe elastic form 
factors of the nucleon. The results are consistent with approximate dipole be- 
havior of Gmp{Q^) arid recent JLab data for the ratio of the proton form factors 
Gep/Gmp at Q^ < 3.5 GeV^. Using the Angular Momentum Sum Rule, I obtain 
a numerical estimate for the valence quark contributions to the nucleon spin at 
the level of 50%, with their orbital angular momentum included. When combined 
with polarized DIS measurements, this result indicated that the orbital angular 
^i-* ' momentum of quarks contributes about 25% to the nucleon spin. 
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Q^' 1 Introduction 

M-i. The formalism of Nonforward Parton DensitiesEl and Off- Forward Parton Dis- 

Zh ' tributions □, recently consolidated under a general name of Skewed Parton 

Distributions (SPD), provide a connection between exclusive and inclusive re- 
actions. SPD in general describe the nonperturbatibe process of quark/parton 
^^ , emission and subsequent absorption by a hadron in an exclusive reaction. Since 

^ ' SPD assume that states of the initial and final hadrons involved in the reaction 

are different, they appear to be sensitive to the orbital angular momentum of 
quarks, and it was the original motivation of Ji to introduce this new formal- 
ism □. This issue was also discussed earlier iruReflJ An essential part of this 
formalism are helicity-flip SPD studied in Refa 

In application to specific processes, the power of SPD formalism is that it 
allows to describe universally the bag- type diagrams involving current quarks. 
In particular, the same SPD of a nucleon would describe nucleon elastic form 
factors, real and virtual Compton scattering and hard electro- and photopro- 
duction of mesons on the nucleon. 
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Here I introduce a model of helicity-flip SPD which reasonably describes 
available d^ta on elastic nucleon form factors and, using Angular Momentum 
Sum Rulea, obtain an estimate of the valence quark contribution to the nucleon 
spin. 

2 A Model for SPD 

Angular Momentum Rum Rule derived by JiB relates the first moment of SPD 
in the forward limit to the total angular momentum of quarks and gluons. For 
the case of quarks it reads 

J,^\[A,{Q) + B,{0)1 (1) 

where 

Aq{t) = / T''{x,t)xdx (2) 

Jo 

Bq{t) = / lC'i{x,t)xdx 
Jo 

are SPD using definitions of RefEJ. The model for helicity-nonflip SPD was 
proposed in RefO, assuming a Gaussian dependence of the proton light-cone 
wave function on the quark transverse momentum. ^ Complementing this 
picture with a model for helicity-flip SPD JC'^{x, t), we earlier obtained a good 
agreement with available data on proton and neutron elastic form factors U. 

Key assumptions of the model are: a) helicity-flip SPD have similar func- 
tional dependence on the transverse momentum as helicity-nonflip SPD and 
b) contribution from sea quarks to the anomalous magnetic moment of the 
nucleon is neglected. The forward limit of helicity-flip SPD, ka{x) then enters 
fuU SPD as 



IC''ix,t)^ka{x)e'^'t , (3) 

where Xk is an adjustable mass parameter. The distribution ka{x) cannot 
be observed in deep-inelastic scattering, but may be accessftd in exclusive 
reactions, for instance, in Deeply Virtual Compton scatteringM. 

Here I used reasonable assumptions about the function ka{x) vs. standard 
parton densities (i.e., forward limit of helicity-nonflip SPD). Namely, as a; — > 1, 
both pQCD and QCD Sum Rules (loffe current) require an extra factor of 

"A similar approach was also developed in RefLJ 



(1 — x) for ka{x). For the Rcggc limit a; ^ 0, I explored three possibilies a) 
ka{x) = (1 - x)fa{x) (Model A), b) ka{x) = x(l - x)fa{x) and c) ka{x) = 
X2 (1 — x)fa{x) (Model C). The Pauli form factor of the proton is then given 
by the formula in terms of only valence quark distributions (contributions from 
sea quarks cancel): 



F2{t)= / [eukT'+eakr 



dx. 



(4) 
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Figure 1 : Ratio of electric to magnetic proton form factors for different models of helicity-flip 
SPD (see text). The data are from Ref.* 



The best fit to the recent JLab dataQ on the ratio of proton form factors 
was obtained for A^ = 0.43 GeV^ (Fig.l). For the Model A and B, this 
value was taken 0.64 and 0.34 GeV^. These different values of A^ correspond 
to approximately the same value of about 220-250 MeV for the transverse 
correlation momentum defined for valence quarks as 






Na 



XXK^ [XjClX^ 



(5) 



where Nu = 2, Nd=l are the numbers of valence a quarks in the proton. Our 
results for the neutron form factor (Fig. 2) are consistent with data at higher Q^, 
but the errors in measurements do not allow to discriminate between models 
for NFFD. We can also see a clear need for extending the measurements of the 
proton form factor ratio to higher Q^. Fortunately, such a measurement for 
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Figure 2: Neutron magnetic form factor from SPD. Notation is the same as for Fig.l. Data 
are from Ref.^^. 



Q^ — 5.6 GeV? is approved and the possibility of measurements at lOGeV^ is 
being studiedH 

Having the model for SPD, it is straightforward to evaluate the Angular 
Momentum Sum Rule Eq.(l). The results for all three choices of helicity-flip 
SPD are presented in Table 1. Total contribution of quarks to the nucleon 
spin appears to be close to 50%, with little dependence on the used model of 
helicity-flip SPD. This result is numerically close to the QCD Sum Rules calcu- 
lation of Balitsky and JiE2l. In our model functions ka{x) are positively defined, 
leading to cancellation between up- and down-quarks for Bifi) in Eq.(l). In 
the meantime ^(0) is close to 0.5 - the result known as the Momentum Sum 
Rule. Contributions of individual quark flavors are, however, quite sensitive 
to the chosen model of helicity-flip SPD. The quark total angular momentum 
density, Jq{x) = x[fq{x) + kq{x)) is plotted in Fig. 3. 

We can now combine available data from polarized deep-inelastic scatter- 
ing, e.g., semi-exclusive data from SMC B (Au^, = 0.77 ± 0.10 ± 0.08 and 
Ad„ = —0.52 ± 0.14 ± 0.09) with the values from Table 1 to obtain estimates 
for orbital angular momentum contribution to the proton spin from individual 
quark flavors. The best fit to JLab dataQ gives for the central values 



SMC 



AL„ = (A, + LuY'^'"' - (Au)'^'"^ = -0.04 



(6) 



Aid = (Arf + LdY^"^ - {Adf^'^ = 0.27. 

Earlier SLAC datatil on the proton form factor yield different numbers, AL„ = 
0.05 and ALd = 0.15. 




Figure 3: Total angular momentum distribution for the quarks. 



Table 1: Valence Quark Contributions to the Proton Spin with Different Models for Spin-Flip 
SPD (see text for notation). 





A 


B 


C 


Ad + Ld 


0.6 
-0.08 
0.52 


0.82 
-0.37 
0.45 


0.73 

-0.25 

0.48 



3 Conclusion 

I obtained new estimates of quark contributions to the nucleon spin based 
on formalism of Skewed Parton Distributions and using the data on nucleon 
elestic form factors. When combined with deep-inelastic scattering data, it 
implies that about 25% of the proton spin is due to orbital angular momentum 
of quarks, while other 25% come from the quark spins. It leaves the remaining 
50% to the gluon contribution. 
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